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Introduction
Cervical cancer is characterized by the rapid and uncon-
trolled growth of abnormal cells on the cervix. Although
the worldwide incidence has decreased, primarily because
of the widespread use of cervical screening programs,
it is still the second most common gynecological malig-
nancy. Cervical cancer is highly curable when diag-
nosed early and treated promptly. Primary treatment
for cervical cancer depends on the stage at which it is
diagnosed and includes surgery, combined radiation
therapy and chemotherapy, or both [1].
In normal cell function and tissue homeostasis,
proliferation and apoptosis are balanced. Cancer
might reflect abnormal in vivo proliferation that is not
balanced by compensatory apoptosis [2]. The growth
speed of embryo cells and malignant cells are signifi-
cantly faster than that of normal cells; therefore, cell
death and cell growth mechanisms in cancer are already
beyond control [3].
The mechanism of apoptosis is a controlled form
of cell death [4]. Some researchers have pointed out
the relationship between apoptosis and chloroquine.
This compound can inhibit proliferation of colon can-
cer and induce apoptosis [5]. Therefore, the mecha-
nism of apoptosis is an important factor in developing
cancer treatments.
CAFFEIC ACID INDUCES APOPTOSIS IN HUMAN
CERVICAL CANCER CELLS THROUGH THE
MITOCHONDRIAL PATHWAY
Wei-Chun Chang1, Ching-Hung Hsieh2,3, Meen-Woon Hsiao4,8*, Wu-Chou Lin5, 
Yao-Ching Hung1, Je-Chiuan Ye6,7*
1Department of Obstetrics and Gynecology, School of Medicine and 5Department of Obstetrics and Gynecology, School of
Chinese Medicine, China Medical University Hospital, 4School of Applied Chemistry and 6Institute of Medicine, 
Chung Shan Medical University, and 8Department of Medical Research, Chung Shan Medical University Hospital, 
Taichung ; 2Chung Shan Hospital, and 3Department of Obstetrics and Gynecology, Fu Jen Catholic University Clinic, 
Taipei; 7Department of Nursing, Min-Hwei College of Health Care Management, Taiwan.
SUMMARY
Objective: The anti-proliferation effect of caffeic acid (3,4-dihydroxycinnamic acid), isolated from Ocimum
gratissimum Linn, on human cervical cancer cells (HeLa cells) was examined to elucidate the associated mechanism
and death mode.
Materials and Methods: Flow cytometry showed that caffeic acid treatment results in dramatically increased
apoptosis of HeLa cells. Western blot analysis revealed that caffeic acid activates various processed caspases.
Results: Caffeic acid significantly reduced proliferation of HeLa cells in a concentration-dependent manner.
Morphological evidence of apoptosis, including nuclei fragmentation was clearly observed 24 and 48 hours after
exposure to caffeic acid (1 mM and 10 mM) by flow cytometry. Time-dependent inhibition was also observed.
Caffeic acid decreased levels of uncleaved caspase-3 and Bcl-2, and induced cleaved caspase-3 and p53.
Conclusion: Caffeic acid induces apoptosis by inhibiting Bcl-2 activity, leading to release of cytochrome c 
and subsequent activation of caspase-3, indicating that caffeic acid induces apoptosis via the mitochondrial 
apoptotic pathway. This also suggests that caffeic acid has a strong anti-tumor effect and may be a promising
chemopreventive or chemotherapeutic agent. [Taiwan J Obstet Gynecol 2010;49(4):419–424]
Key Words: caffeic acid, cervical cancer cell line, cytochrome c, flow-cytometry
*Correspondence to: Dr Je-Chiuan Ye, Institute of
Medicine, Chung Shan Medical University, No. 110,
Section 1, Jianguo North Road, Taichung 40201,
Taichung, Taiwan.
E-mail: 9503023@gmail.com
Accepted: April 27, 2010
Flavonoids and other polyphenolic compounds
derived from fruits and berries have been shown to
induce apoptotic pathways and to suppress proliferation
of various types of cancer cells such as leukemic cells and
liver cancer cells [6–12]. Caffeic acid is a simple phe-
nolic compound (Figure 1) found primarily in coffee.
Studies have shown that it has anti-oxidative [13], anti-
inflammatory [14], and anti-allergic [15] activities.
In this study, the mechanism by which caffeic 
acid inhibits cell proliferation and the pathway of its
pro-apoptotic effects are examined in human cervical
cancer cells (HeLa).
Materials and Methods
Cell lines
Human cervical cancer cells (HeLa cells) were obtained
from the American Type Culture Collection (ATCC,
Rockville, MD, USA). Cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Life Technologies
Inc., Grand Island, NY, USA) supplemented with 10%
FBS, 1% penicillin, and 100 μg/mL streptomycin (Life
Technologies Inc., Grand Island, NY, USA) and incu-
bated at 37°C in a humidified atmosphere containing
5% CO2 in air.
Drugs and reagents
3-(4,5-dimethyl-2-thiazyl)-2, 5-diphenyl-2H-tetrazolium
bromide (MTT) and propidium iodide (PI) were pur-
chased from Life Technologies Inc.; antibodies to 
caspase-3, p53, Bcl-2, and cytochrome c were from
Cell Signaling Technology (Beverly, MA, USA); all
other reagents were purchased from Sigma Chemical
Co. (St. Louis, MO, USA).
MTT assay
Cells were seeded in a 96-well plate at 1 × 103 cells per
well and cultured for 24 hours. Cells were then incu-
bated with different concentrations of caffeic acid
(0.5, 1, 2.5, 5 or 10 mM) for 24 hours.
After incubation, MTT was dissolved in PBS at 5 mg/
mL and then added to culture medium at a final con-
centration of 0.5%. After incubation at 37°C for 4 hours,
the medium was gently aspirated and 150 μL DMSO
was added to each well to dissolve any formazan crys-
tals. The plate was shaken for 10 minutes to allow
complete solubilization. Cell viability was determined
spectrophotometrically by measuring the absorbance
at 570 nm using a 96-well plate reader.
Flow cytometric detection of apoptosis by PI staining
DNA content was analyzed by PI staining of permea-
bilized cells; apoptosis was identified by the presence
of fragmented DNA in cells of the sub-G1 phase. After
exposure of HeLa cells (2 × 106 cells) to various con-
centrations of caffeic acid for 24 and 48 hours, the
cells were washed twice with PBS, fixed with ice-cold
80% methanol, and stored at −20°C for 24 hours.
Subsequently, the cells were pelleted, suspended in PBS,
and incubated with 0.2 mg/mL RNaseA and 2% Triton
X-100 for 1 hour at room temperature. Propidium iodide
was added to a final concentration of 10 μg/mL and
incubation was continued for at least 18 hours in the
dark before flow cytometry. Flow cytometry was per-
formed using a Becton Dickinson FACSCalibur cytome-
ter with an argon ion laser (488 nm) as the excitation
source and Cell Quest (version 3.3) software to analyze
DNA content.
Gel electrophoresis and western blot analysis
Cells were incubated for 24 hours in the presence of
indicated concentrations of caffeic acid. After the incu-
bation, the cells were harvested and lysed. Mitochondrial
protein and cytosolic protein were isolated using a
mitochondrial isolation kit (Pierce, Rockford, IL, USA)
according to the manufacturer’s instructions. Proteins
were quantified using a BCA protein assay kit (Pierce,
Rockford, IL, USA) according to the manufacturer’s
instructions. For western blot analysis, proteins were
electrophoresed on a 10–12% linear gradient SDS poly-
acrylamide gel, followed by immunoblot on nitrocellu-
lose membrane. The membrane was then blocked with
5% nonfat dry milk in PBS with 0.1% Tween-20 for 
1 hour at room temperature. Finally, proteins were
visualized using an enhanced chemiluminescence detec-
tion system (Cell Signaling Technology, Beverly, MA,
USA) after incubation with antibodies to caspase-3,
cytochrome c, p53, or actin at 4°C overnight. Proteins
were then incubated with peroxidase-labeled anti-rabbit
antibody or peroxidase-labeled anti-mouse antibody for
1 hour at room temperature. Peroxidase activity was
visualized on X-ray film in a darkroom.
Statistical analysis
Results are representative of independent experiments
performed in triplicate; data are expressed as mean ±
standard deviation, and were evaluated by one-way
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Figure 1. Chemical structure of caffeic acid.
analysis of variance followed by the Dunnett’s test. 
A p value < 0.05 indicates statistical significance
(*p < 0.01).
Results
Caffeic acid inhibited proliferation of HeLa cells in a
concentration-dependent manner
To examine the effects of caffeic acid on HeLa cells, we
treated cells with various concentrations of caffeic acid.
As shown in Figure 2, caffeic acid significantly reduced
the proliferation of HeLa cells in a dose-dependent
manner.
Caffeic acid induced apoptosis in a concentration- and
time-dependent manner
Cells were treated with caffeic acid for 24 hours or 
48 hours. Flow cytometry revealed a hypodiploid DNA
peak following treatment with 1 mM caffeic acid (Figure
3A-2). The proportion of cells in the sub-G1 phase
increased from 8.9% after exposure to 1 mM caffeic
acid to 53.37% following exposure to 5 mM of caffeic
acid (Figures 3A-1 and 3A-3).
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Figure 2. Dose- and time-dependent effects of caffeic
acid on cell growth inhibition in HeLa cells. (A) Effects
of caffeic acid on cell morphology of HeLa cells exposed
to control, 1 mM, 5 mM or 10 mM caffeic acid for 
24 hours observed under microscope (original magni-
fication, 400×). (B) Effects of caffeic acid on HeLa
cells were dose-dependent. Results are presented as
mean ± standard deviation. *p < 0.01.
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HeLa cells were pre-treated for 48 hours with 10 mM
caffeic acid. The proportion of cells in the sub-G1 phase
increased from 8.9% after exposure to 1 mM caffeic
acid to 83.94% following exposure to 10 mM caffeic
acid (Figures 3B-1 and 3B-3).
Gel electrophoresis and western blot analysis
Caffeic acid induced apoptosis in HeLa Cells via a 
caspase-3-dependent pathway
To elucidate the role of caspases in caffeic acid-induced
apoptosis, whole cell lysates were prepared from HeLa
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Figure 3. Effects of caffeic acid on HeLa cell DNA fragmentation. HeLa cells were exposed to solvent, 1 mM or 10 mM caffeic
acid for 24 or 48 hours, then fixed and stained with PI. Cell percentage within the hypodiploid DNA region was determined by
flow cytometry. (A) Cells in the sub-G1 phase increased from 8.9% (A-1) to 62.42% (A-3) following exposure to 1 mM and
10 mM of caffeic acid for 24 hours, respectively. (B) Cells in the sub-G1 phase increased from 8.9% (B-1) to 83.94% (B-3) 
following exposure to 1 mM and 10 mM of caffeic acid for 48 hours, respectively. Cells in the sub-G1 phase were 50.42% 
(A-2) after 24-hour incubation of HeLa cells with 1 mM caffeic acid and 53.37% (B-2) after 48-hour incubation; H2O2 was
used as an internal control. Over 90% of cells were in the sub-G1 phase (A-4, B-4).
cells that had been stimulated by various concentrations
of caffeic acid; levels of cleaved caspase-3 and full 
caspase-3 were examined. As shown in Figure 4A, west-
ern blot analysis revealed that levels of cleaved caspase-3
protein increased and levels of uncleaved caspase-3
protein decreased, in a dose-dependent manner.
Caffeic acid induces the release of cytochrome c,
downregulates Bcl-2, and upregulates p53 protein expression
As caspase-3 was activated in caffeic acid-treated cul-
tures, the role of mitochondria in caffeic acid-induced
apoptosis was further studied by examining the effects
of caffeic acid on the levels of Bcl-2 and cytochrome c.
Western blot analysis indicated that the anti-apoptotic
protein Bcl-2 was down-regulated, and that the levels
of the apoptosis promoter p53 increased in HeLa cells
after treatment with 10 mM caffeic acid (Figure 4B). The
release of cytochrome c was detected following exposure
to 1 mM caffeic acid; cytochrome c levels in the mito-
chondria decreased in a concentration-dependent man-
ner (Figure 4C). These results suggest that cytochrome c
plays a direct role in caffeic acid-induced apoptosis.
Discussion
Clinically, interstitial cells in the body cavity can be con-
fused with malignant cells and are likely to cause diag-
nostic errors. To avoid this confusion, flow cytometry
must be used [16]. In this study, it was used to detect
cell apoptosis.
Many anticancer medicines are extracted from plants.
Earlier research points out that plant phytochemicals
inhibit proliferation in breast cancer [17] and ovary
cancer cell lines [18]. In this study, we have investigated
the mechanisms by which caffeic acid induces apopto-
sis in human cervical cancer cells [19].
After incubation with various concentrations of
caffeic acid for 24 hours, cell viability was markedly
reduced (Figure 2A). Caspase-3 activity was stronger
after incubation with 10 mM caffeic acid than after
incubation with concentrations below 10 mM. In addi-
tion, less obvious morphological changes were noted in
cells with stronger caspase-3 activity (Figure 4A). The
MTT assay showed cell viability reduced from 58% after
incubation with 1 mM caffeic acid to 37% after treat-
ment with 10 mM caffeic acid (Figure 2B), while DNA
fragmentation was seen in 83.94% of cells after expo-
sure to 10 mM caffeic acid for 48 hours (Figure 3B-3).
Apoptosis is initiated by two distinct signaling path-
ways. The intrinsic apoptotic pathway is dominated by
the Bcl-2 family, which determines the release of cyto-
chrome c from mitochondria. Exposure of HeLa cells
to caffeic acid leads to the disappearance of the anti-
apoptotic Bcl-2 protein on the mitochondria and the
release of cytochrome c into the cytosol (Figure 4C).
During the apoptotic process, the tumor suppressor
protein p53 stimulates a wide network of biochemical
signals in response to DNA damage. Here, we examined
the effects of caffeic acid on p53 protein expression and
found it expressed in a concentration-dependent man-
ner (Figure 3B). These findings indicate that caffeic
acid induces apoptosis via the mitochondrial apop-
totic pathway.
Cervical cancer is the most common gynecologic
malignancy. The disease is curable if diagnosed early
and treated promptly. In early stages, radiation therapy
or postoperative total pelvic irradiation can improve
survival rates [20]. Neo-adjuvant chemotherapy dramat-
ically reduces the rate of local recurrence and distant
metastases in high-risk patients [21,22]. Radiation
therapy combined with chemotherapy has also been
shown to be an effective treatment for cervical cancer
[23]. Our findings suggest that caffeic acid produces 
a strong anti-tumor effect and, therefore, may be a
promising chemopreventive or chemotherapeutic agent.
References
1. Behtash N, Karimi Zarchi M, Deldar M. Preoperative prog-
nostic factors and effects of adjuvant therapy on outcomes 
Taiwan J Obstet Gynecol • December 2010 • Vol 49 • No 4 423
Caffeic Acid Induce Apoptosis of HeLa Cells
Caspase 3 (active)
0 0.5 1 52.5 10 (mM)
P53 (50KD)
Bcl II (25KD)
Cyto-c (cytoplasm)
A
B
C
Cyto-c (mitochondria)
Actin (43KD)
Caspase 3 (full length)
Figure 4. HeLa cells treated with various concentrations
(0–10 mM) of caffeic acid for 12 hours; actin was used as an
internal loading control. (A) Cleaved and uncleaved caspase-3
levels determined by western blot. (B) Effects of caffeic acid on
Bcl-2 and p53 levels. (C) Western blot of antibodies specific
for cytochrome c in mitochondrial and cytosolic lysates.
of early stage cervical cancer in Iran. Asian Pac J Cancer Prev
2009;10:613–8.
2. Weinstein IB. Disorders in cell circuitry during multistage
carcinogenesis: the role of homeostasis. Carcinogenesis 2000;
21:857–64.
3. Jacks T, Weinberg RA. Taking the study of cancer cell survival
to a new dimension. Cell 2002;111:923–25.
4. Kim MS, Kang HJ, Moon A. Inhibition of invasion and
induction of apoptosis by curcumin in H-ras-transformed
MCF10A human breast epithelial cells. Arch Pharm Res 2001;
24:349–54.
5. Zheng Y, Zhao YL, Deng X, et al. Chloroquine inhibits colon
cancer cell growth in vitro and tumor growth in vivo via
induction of apoptosis. Cancer Invest 2009;27:286–92.
6. Afaq F, Saleem M, Krueger CG, Reed JD, Mukhtar H.
Anthocyanin- and hydrolyzable tannin-rich pomegranate
fruit extract modulates MAPK and NF-kappaB pathways
and inhibits skin tumorigenesis in CD-1 mice. Int J Cancer
2005;113:423–33.
7. Ullmannova V, Popescu NC. Inhibition of cell proliferation,
induction of apoptosis, reactivation of DLC1, and modula-
tion of other gene expression by dietary flavone in breast
cancer cell lines. Cancer Detect Prev 2007;31:110–8.
8. Shim HY, Park JH, Paik HD, Nah SY, Kim DS, Han YS.
Genistein-induced apoptosis of human breast cancer MCF-
7 cells involves calpain-caspase and apoptosis signaling
kinase 1-p38 mitogen-activated protein kinase activation
cascades. Anticancer Drugs 2007;18:649–57.
9. Zheng PW, Chiang LC, Lin CC. Apigenin induced apoptosis
through p53-dependent pathway in human cervical carci-
noma cells. Life Sci 2005;76:1367–79.
10. Wenzel U, Kuntz S, Brendel MD, Daniel H. Dietary flavone
is a potent apoptosis inducer in human colon carcinoma
cells. Cancer Res 2000;60:3823–31.
11. Jeong SH, Jo WS, Song S, et al. A novel resveratrol deriva-
tive, HS1793, overcomes the resistance conferred by Bcl-2
in human leukemic U937 cells. Biochem Pharmacol 2009;77:
1337–47.
12. Yang KC, Tsai CY, Wang YJ, et al. Apple polyphenol phloretin
potentiates theanticancer actions of paclitaxel through
induction of apoptosis in human Hep G2 cells. Mol Carcinog
2009;48:420–31.
13. Masuda T, Yamada K, Akiyama J, et al. Antioxidation mech-
anism studies of caffeic acid: identification of antioxidation
products of methyl caffeate from lipid oxidation. J Agric
Food Chem 2008;56:5947–52.
14. Hwang HJ, Park HJ, Chung HJ, et al. Inhibitory effects of
caffeic acid phenethyl ester on cancer cell metastasis medi-
ated by the down-regulation of matrix metalloproteinase
expression in human HT1080 fibrosarcoma cells. J Nutr
Biochem 2006;17:5356–62.
15. Park SG, Lee DY, Seo SK, et al. Evaluation of anti-allergic
properties of caffeic acid phenethyl ester in a murine model of
systemic anaphylaxis. Toxicol Appl Pharmacol 2008;226:22–9.
16. Lovecchio JL, Budman DR, Susin M, Grueneberg D, Fnton
AN. Flow cytometry of peritoneal washings in gynecologic
neoplasia. Obstet Gynecol 1986;67:675–9.
17. Lin YJ, Hou YC, Lin CH, et al. Puerariae radix isoflavones
and their metabolites inhibit growth and induce apoptosis
in breast cancer cells. Biochem Biophys Res Commun 2009;
378:683–8.
18. Lv W, Sheng X, Chen T, Xu Q, Xie X. Jaceosidin induces
apoptosis in human ovary cancer cells through mitochon-
drial pathway. J Biomed Biotech 2008;394:802–8.
19. Scherer WF, Syverton JT, Gey GO. Studies on the propaga-
tion in vitro of poliomyelitis viruses. IV. Viral multiplication
in a stable strain of human malignant epithelial cells (strain
HeLa) derived from an epidermoid carcinoma of the cervix.
J Exp Med 1953;97:695–710.
20. Piver MS. Invasive cervical cancer in the 1990s. Semin Surg
Oncol 1990;6:359–63.
21. Dreyer G. Operative management of cervical cancer. Best
Pract Res Clin Obstet Gynaecol 2005;19:563–76.
22. Changchien CC, Eng HL, Chen WJ. Prediction of risk factors
of pelvic lymph node metastasis in stage I and II cervical
cancer patients. J Obstet Gynecol 1991;30:178–82.
23. Pérez-Regadera J, Sánchez-Muñoz A, De la Cruz J, et al.
Cisplatin-based radiochemotherapy improves the negative
prognosis of c-erbB-2 overexpressing advanced cervical
cancer. Int J Gynecol Cancer 2010;20:164–72.
Taiwan J Obstet Gynecol • December 2010 • Vol 49 • No 4424
W.C. Chang, et al
